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AUTOMATIC TOOL CHANGER FOR WORKPIECE 
PROCESSING MACHINES 

TECHNICAL FIELD 

This invention relates generally to machines used in 
industrial processes where a workpiece is machined, 
cut, welded, or otherwise treated. The invention is 
more particularly related to apparatus for automatically 
changing workpiece processing tools. 

BACKGROUND ART 

Much has been done in the creation of automatic tool 
changers. It is believed that most such devices are lim 
ited to single tools such as drills, milling cutters and the 
like for machining centers. But automatic tool changers 
are made for other machines including welding, cutting, 
deburring machines, electric discharge machines, ro 
bots, and robotic welders. One difficulty with the tool 
changers that currently exist, is their limited adaptabil 
ity to a variety of applications. Another is the presence 
of the storage magazine within the work envelope of a 
robot. Another is the weight of tool change features 
that must be carried by the robot arm at all times. The 
present invention addresses these limitations of the prior 
art apparatus. 

SUMMARY OF THE INVENTION 

In a system for processing a workpiece with one or 
more processing tools and wherein a tool is mounted on 
an effector for causing the tool to operate on a work 
piece, one embodiment of the present invention includes 
tool mounting apparatus including a plurality of tool 
adaptors, each having means thereon for receiving and 
securing one of the processing tools thereon. An effec 
tor adaptor has means thereon for attachment to the 
effector. The tool adaptor has a body that is generally 
symmetrical about an axis and having a pair of semi-cir 
cular shells around the body, with ?rst and second 
mounting ?anges mounted on the shells and projecting 
in directions radially outward from the tool adaptor axis 
and located on opposite sides of the axis. The effector 
adaptor has a groove receiving the ?anges which are 
snugly engaged and locked in the grooves due to radi 
ally outward directed spring bias on the shells whereby 
the tool adaptor is secured to the effector adaptor. 
A tool storage magazine with a plurality of tool pots 

is provided with a tool changer which cooperates with 
any one of the tool pots when the tool pot located at a 
designated small region (tool change station) of the 
work envelope of the processing system. The tool 
changer .includes a pair of grippers operable on the 
shells of the tool adaptor to squeeze them toward each 
other against the spring bias for removal of the ?anges 
from the effector adaptor groove, and removal of the 
tool adaptor from the effector adaptor. 
The magazine has a retainer groove at each tool pot. 

The tool adaptor has two additional ?anges mounted on 
the shells and which are biased outward into locking 
engagement with the retainer groove when the squeez 
ing force of the grippers is released after deposit of the 
tool adaptor in the magazine. Connectors for electric, 
water and gas, transmission are included in the adap 
tors, as is a set of guide and cutter assemblies for weld 
ing wire. Cutter operating means are provided at the 
tool change station. 
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BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a pictorial view in somewhat schematic and 
fragmentary form, of a portion of a robotic processing 
system for workpieces and incorporating part of the 
tool changer apparatus according to a typical embodi 
ment of the present invention. 
FIG. 2 is a schematic elevational view of the system 

on a small scale. 
FIG. 2A is a schematic top plan view of part of the 

system. 
FIG. 3 is an enlarged top plan view of the tool adap 

tor clamping mechanism. 
FIG. 4 is an enlarged top plan view of the wire cutter 

operating mechanism. 
FIG. 5 is a fragmentary elevational view on the same 

scale as FIG. 3, showing the tool clamping mechanism. 
FIG. 6 is an elevational view on a scale intermediate 

that of FIG. 2 and FIG. 5, and showing the tool clamp 
elevator mechanism. 
FIG. 7 is a bottom view of the effector adaptor piece. 
FIG. 8 is a longitudinal sectional view through the 

effector adaptor piece taken at line 8-—8 in FIG. 7 and 
viewed in the direction of the arrows. 
FIG. 9 is a longitudinal sectional view of the tool 

adaptor piece. 
FIG. 10 is a cross section therethrough taken at line 

10—-10 in FIG. 9 and viewed in the direction of the 
arrows. 

FIG. 11 is a fragmentary axial view of the effector 
adaptor viewed axially but showing one of the three 
wire feeder and cutter assemblies. 
FIG. 12 is a sectional view therethrough taken at line 

12-—12 in FIG. 11 and viewed in the direction of the 
arrows. 

FIG. 13A is a fragmentary sectional view through a 
portion of the top of the effector adaptor showing some 
details of the ?ve pin high power electrical connector 
assembly therein for supplying power to the tool adap 
tor. 
FIG. 13B is a fragmentary sectional view through a 

portion of the top of the tool adaptor showing details of 
the high power electrical conenctor assembly mounted 
therein and which cooperates with that of FIG. 13A 
when the tool adaptor is secured in the effector adaptor. 
FIG. 14A is _a fragmentary sectional view through a 

portion of the top of the effector adaptor showing a gas 
connector ?tting secured therein. 
FIG. 14B is a fragmentary sectional view through a 

portion of the top of the tool adaptor showing the coun 
terpart gas connector ?tting which mates with that 
shown in FIG. 14A. 
FIG. 15A is a fragmentary sectional view through a 

portion of the top of the effector adaptor showing the 
liquid return check valve assembly secured therein. 
FIG. 15B is a fragmentary cross sectional view 

through a portion of the top of the tool adaptor and 
showing the water return line ?tting counterpart which 
mates with and cooperates with that shown in FIG. 
15A for transmission of water from the tool adaptor to 
the effector adaptor. 
FIG. 16A is a fragmentary sectional view through a 

portion of the top of the effector adaptor showing the 
cooling water and welding current supply ?tting 
therein. 
FIG. 16B is a fragmentary sectional vew through a 

portion of the top of the tool adaptor showing the cool 
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ing water and welding power transmission ?tting 
mounted therein. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring now to the drawings in detail, particularly 
FIGS. 1 and 2, an example of an industrial process is 
represented wherein, for illustrative purposes, a con 
veyor or positioner 11 supported on a building ?oor 12 
has a series of workpieces 13 (only one shown) thereon, 
movable by the conveyor in a direction perpendicular 
to the plane of the paper. A robot assembly 14 includes 
the pedestal 16 secured to the ?oor and having a head 
17 capable of swiveling 270° to 300° about the top of the 
pedestal. Arms 18 and 19 are connected respectively to 
the head. An end effector assembly 21 is mounted to the 
distal end of arm 19 by a wrist assembly 22, and a 
GMAW welding torch assembly 23 is supported on the 
end effector assembly. The robot is capable of operating 
the torch assembly through a work envelope (shown by 
dashed line 24) having the con?guration shown in FIG. 
2 and 2A and occupying a volume of 270° to 300° 
around the robot head swivel axis 26. The conveyor or 
positioner 11 extends through this work envelope 
where the processing of the workpiece by this robot 
assembly is done. 
A tool holder magazine 27 is mounted for rotation 

about a vertical axis 28 on a tool magazine drive hous 
ing 29. This housing not only supports the tool maga 
zine 27 and its drive apparatus, but also supports a tool 
clamping mechanism and a wire cutter mechanism ac 
cording to the present invention. The tool clamping 
mechanism is supported by lower and upper brackets 31 
and 32, respectively, which are welded to the housing 
29. The cutter mechanism is supported on bracket 33 
which is welded to the housing. 
The illustration of the magazine 27 in a horizontal 

plane, and it being operable about a vertical axis 28, is 
for convenience of illustration and description herein. 
In practice, the tool magazine and changer mechanism 
can be disposed witht he rotational axis of the magazine 
at virtually any desired attitude most appropriate for the 
particular work processing, tooling, and robot to be 
employed. In fact, the system of the present invention is 
not limited to application to robot processing systems, 
but also may be used with XYZ automatic welding 
equipment, machining centers, and other workpiece 
processing systems where there are advantages to auto 
matic tool changing. In addition, many aspects of the 
present invention will be found to be applicable to sys 
tems wherein the tool storage is accomplished in a con 
veyor loop, a shuttle storage arrangement, or some 
arrangement other than the particular rotating turret 
type of magazine illustrated herein. 
The illustrated housing 29 may be used to support 

bracket 34 and pivoting arm 36, if desired, to support an 
operator’s terminal 37 which may include a screen, 
keyboard, removable software or data media and what 
ever else is desired for control and management of the 
robot and the tool changing operation. A control box 35 
may be located under the magazine, if desired. This is 
on the operator’s side of the tool changer, as distin 
guished from the robot side of the tool changer. Some 
applications of the robot would make it appropriate to 
orient the magazine (and associated tool changer and 
wire cutter mechanisms) so that rotational axis 28 
would be tilted to some extent in the direction of arrow 
38 (FIG. 2). The operator’s side of the magazine would 
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4 
still remain on the side opposite that of the robot. Ac 
cordingly, the operator can always remain in a position, 
with respect to the magazine, which is out of danger 
from the robot itself so that the operator can load and 
unload tools manually from the magazine for mainte 
nance or replacement, without personal risk. 

Referring now to FIG. 3 along with FIG. 2, the tool 
clamping mechanism is shown in greater detail. Its pur 
pose is to be able to grip a tool holder-adaptor (hereinaf 
ter “tool adaptor”), and remove it from the magazine 
and hold it for insertion into the end effector assembly. 
It is capable of a squeezing function on the tool adaptor. 
This is accomplished by the use of a pair of arms 41 and 
42 pivotally mounted in yokes (43A, 43B, for example) 
at the end of an elevator housing bar 43 which is verti 
cally slidable on guide rods 44 and 46 (FIG. 6) whose 
lower and upper ends are affixed respectively in brack 
ets 31 and 32. An actuator, which may be a pneumatic 
cylinder 47, for example, is secured in the upper bracket 
32 and has its piston rod 48 pinned in the yoke 49 on top 
of the elevator bar 43, to drive the elevator bar up and 
down for a purpose to be described hereinafter. 
An actuator 51 of suitable type, which also may be 

pneumatic, for example, has a yoke 52 af?xed to its 
housing and pivotally connected at bushing assembly 53 
to an end of arm 41. Where it is pneumatic, the piston 
rod 54 of actuator 51 has a yoke 56 at its end pivotally 
connected at bushing assembly 57 to the arm 42. A 
gripper jaw 58 is pivotally mounted in a yoke 59 by 
means of spherical bearing assembly 60 at the other end 
of arm 42. A like gripper jaw 61 is likewise pivotally 
mounted in a yoke 62 which is slidably mounted on a 
rod 63 ?xed in arm 41. A compression spring 64 is 
mounted between the end of the arm 41 and one face 
62A of the yoke 62. A stop ring 66 secured in a groove 
in the rod 63 is normally slightly spaced from the face 
62B of the yoke 62. A pin 67 in the yoke 62 is received 
in a longitudinal groove 68 in the rod 63 to prevent 
swiveling of the yoke 62 on the rod. The yoke 59 is 
mounted to arm 42 in the same way. A limited amount 
of swiveling aciton, for compliance and centering, is 
provided between the gripper jaws 58 and 61 and their 
respective mounting yokes 59 and 62. 

Adjustable limit stops are provided on the elevator 
bar 43 to limit the range of outer swinging motion of the 
gripper mounting yokes in response to action of the 
actuator 51. The stops are identical. The one for arm 42 
includes the threaded boss 71 welded to bar 43. The 
stop screw 72 is threaded into the boss and the position 
is locked by jam nut 73. An identical assembly is used at 
the opposite end of the bar 43 to limit the motion of arm I 
41 
FIGS. 3 and 5 show in dotted lines, a tool adaptor 76 

which will be described in more detail later on. For the 
present, suffice is to say that the tool holder magazine 
27 includes a plurality of tool pots 77 spaced around the 
periphery thereof and adapted to receive the tool adap 
tors to be used with the robot (FIG. 2A). The tool pot 
shown in FIGS. 3 and 5 has a cylindrical wall 78 cen 
tered on axis 79 and extending to a pair of entry walls 81 
and 82, each of which extends outward at a 6° angle, for 
example, with respect to the plane 83 containing the 
central axis of the tool pot. These walls extend out to 
the periphery 27P of the magazine 27. A holding ring 84 
which is centered on the tool pot vertical axis 79 and 
extends around it for approximately 240°, is fastened to 
the magazine 27 by a series of circularly spaced screws 
86. This ring is shaped to have an internal ?ange 87 
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cnetered on the axis 79 and cooperating with the upper 
face 27U of the magazine 27 to provide a receiver 
groove 88 to receive a locking ?ange of the tool adap 
tor. The gripper jaws 58 and 61 operate on the tool 
adaptor to release from the grove 88 some ?anges on 
the tool adaptor in a manner to be described. 
Now that the tool adaptor gripper assembly has been 

generally described, and referring again to FIG. 2, the 
cutter assembly mounted on cutter support bracket 33 

‘ will now be described with additional reference to FIG. 
4. The cutter support bracket 33 is secured to the tool 
magazine drive housing 29. A cutter arm support bar 91 
is welded to the outer end of bracket 33. Cutter operat 
ing arms 92 and 93 are pivotally mounted in yokes at the 
opposite ends of the cutter arm support bar 91 by shoul 
der bolts 94 and 96, in the same manner as the gripper 
arm 41 is mounted to the elevator bar 43 shown in FIG. 
5. 
A pneumatic actuator assembly 97 has its housing 98 

pivotally connected to one end of arm 92 at 99. The 
piston rod 101 of the actuator is pivotally connected to 
arm 93 at 102. The connections are through bushings as 
mentioned above for the gripper arm actuator 51. The 
travel of arms 92 and 93 is limited by adjustable stop 
assemblies 103 in the same manner as described avbove 
with respect to the gripper arm stops in FIG. 3. 

Pushing jaws 106 and 107 are swivel mounted in 
yokes at the outer ends of the arms 92 and 93, respec 
tively as in FIG. 3. The swivel mountings are achieved 
by spherical bearing assemblies whose outer race, as at 
108, is secured in a pocket in the projection 109 of jaw 
106 and retained by a snap ring 111. The hinge pins 112 
of these swivel bearing assemblies are secured in the 
ends of the arms 92 and 93. The spherical bearing assem 
blies provide a certain amount of swiveling capability of 
the jaws for centering and compliance, but the clear 
ances between the jaw mounting tabs 109 and the 
mounting yokes at the ends of the arms 92 and 93 will be 
such as to limit the amount of swiveling possible, so that 
the jaws will remain properly postured for the wire 
cutting function to be described hereinafter. This tech 
nique is also used in the swivel mountings of the grip 
pers 58 and 61 in FIG. 3. The particular wire cutting 
function mentioned here is distinct from another wire 
cutting function which is performed by a wire position 
ing die 113 fastened to arm 92, and a wire cutting die 
114 fastened to the support bar 91. These dies cooperate 
during closure of arm 92 when a welding wire 116 is in 
position between these dies, to sever fromt he welding 
wire, the ball which typically forms at the end of it after 
a welding operation. Removal of the ball facilitates 
removal of the wire from a tool adaptor. 
An effector adaptor 118 (sometimes referred to as 

“robotic adaptor”) and three wire cutter plunger heads 
119, 121 and 122 are shown schematically in FIG. 4, all 
symmetrical about the center 123. This center is prefer 
ably, but not necessarily, on the upward projection of 
the axis 79 of the tool pot shown in FIG. 3. This particu 
lar axis should be considered the center of the tool 
change station and, as shown in FIGS. 2 and 2A, it is 
located just inside the work envelope 24 of the robot. 
Virtually all of the tool changing apparatus and the tool 
magazine are located entirely outside the work enve 
lope, according to one feature of this invention. 

Referring now to some features shown generally in 
FIG. 1, the end effector assembly includes an end effec 
tor face plate 126 ?xed to the end of the wrist assembly. 
An electrical isolator 127 of a phenolic, for example, is 
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6 
secured to the end effector face plate. A connector tube 
128 may be mounted to the bottom of the isolator. The 
effector adaptor 118 of the present invention is secured 
to the bottom of the connecting tube. All of these con 
nections are achievable in conventional fashion by 
screws and bolts. The tool adaptor 76 is constructed and 
mounted to the robotic adaptor in a particular way 
according to the present invention. A tool holder plate 
129 is fastened to the bottom of the tool adaptor by 
screws. A welding torch assembly 130 is mounted to the 
tool holder plate in any suitable conventional manner 
and includes the docking body 132, goose neck 133, and 
a tip. In this illustration, the mounting of the torch as 
sembly 130 to plate 129 is done through a normally 
open, break-away switch assembly 131. The welding 
wire 116 extends out the welding tip, with the end of the 
welding wire being preferably located on the center line 
134 of the end effector face plate 126. It is the lower 
surface of the end effector face plate, and its center line, 
whicha re preferably used for reference purposes in 
controlling robots. A tube 135 contains, electrical, 
shielding gas and cooling water lines. It also contains a 
rigid tube properly curved for directing a conventional 
spring liner for welding wire 116 from the tool adaptor 
to the welding tip. \ 

Referring now to FIG. 8, which is a longitudinal 
section through the robotic adaptor 118, without the 
connector ?ttings and wire cutters installed yet, the 
adaptor has a cylindrical body 136 which steps outward 
at the cylindrical ?ange 137 and steps inward to its 
original diameter at the shoulder 138, with the uper 
portion 139 of the body ?ttingly received in the con 
necting tube 128 of FIG. 1 in which it may be secured 
by a plurality of radially inward directed set screws 141 
(FIG. 1), and a locating pin, for example. 
The robotic adaptor has an external ?ange 142 at its 

lower end and which has an internal groove receiving a 
hard, wear resistant liner 143 providing an internally 
facing grovoe 144. The large internal cavity 145 of the 
robotic adaptor provides a socket for reception of the 
tool adaptors. It has a receiver wall 146 which is coni 
cal, being inclined at approximately 4° each side of the 
axis 134. Guide keys 147 are provided at two locations 
about 150 degrees apart on this wall as shown in the 
bottom view of FIG. 7. They project down from the 
bottom surface of the top 148 of the socket provided by 
this robotic adaptor. 

Referring further to FIG. 7, several ?tting apertures 
are provided as shown. Fitting aperture 151 is for a ?uid 
line which can be a gas line or a water return line. Aper 
ture 152 is for a three or ?ve pin, high current connec 
tor. Aperture 153, like 151, is for a ?uid line. Aperture 
154 is for cooling supply water and current supply for 
welding. Apertures 155, 156 and 157 are for ?uid lines, 
as are apertures 151 and 153, and are identical. This 
makes is possible to use the same types of ?ttings in 
several apertures, if desired. Aperture 158 is for a “tool 
in-place” sensor ?tting. Wire cutter assemblies are lo 
cated at each of the three lcoations 159. The aperture 
161 is for a multi-pin (16 pin, for example) low-current 
connector ?tting. A hole 162 through the top 148 at 
aperture 152 is provided for an anti-turn and fitting 
retainer spring pin for the electrical ?tting at aperture 
152. 

Referring now to FIGS. 11 and 12, the details of the 
welding wire feeder and cutter assembly are shown 
mounted in the effector adaptor which is shown frag 
mentarily, and a couple of additional parts 176 and 177 
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are shown in FIG. 12 that do not appear in FIG. 11. A 
matrics body 163 is placed in one of the openings 159 in 
the top of the adaptor. It is secured in place by a top 
cover 164 which is fastened to the top of the adaptor by 
cap screws 166. Since the matrics body has a trapezoi 
dal shape when viewed from above, and ?ts in the mat 
ing opening in the top of the adaptor 118, it is con?ned 
against circular movement about the axis 134 of the 
adaptor. It is prevented from radial movement outward 
by the spring pin 167 extending through the cover 164 
and into a hole in the matrics 163. 
The wire shearing cutter die is at the inner end of a 

slide or plunger 168 which is normally biased in the 
radially outward direction of arrow 169 by a spring 171. 
A stop shoulder 172 on the slide, engaging wall 163A of 
the matrics 163 limits the outward travel of the slide. 
The inner shoulder of the plunger operating button 119 
which is screwed into the end of the slide, serves as the 
outer seat for the spring 171. The stop 172 limits the 
outward travel of the slide so that the wire passage 
aperture 173 therein has its axis aligned perfectly with 
the axis of the aperture 174 in the matrics 163. A step 
175 on the slide can abut the outer face of the matrics 
163 and limits inward movement of the slide. The ?exi~ 
ble wire guide (“liner”) 176 for the welding wire 116 is 
attached to a liner mounting adaptor 177 which is se 
cured to the top cover 164 in any suitable way to feed 
wire from the liner 176 through the aperture 174 in the 
matrics die and the aperture 173 in the slide and down 
into the cavity 145 of the effector adaptor 118. A cylin 
drical boss 178 projects down from the cutter slide 
inboard of the stop shoulder 172 and concentric with 
the wire entrance axis 180 of the apertures 173 and 174 
in the slide and matrics, respectively. Projecting down 
as it does, this boss ?ts into a guide 178A (FIG. 9) in the 
wire feed assembly of the tool adaptor to be described. 
Normally, parts 163, 164 and 168 would be made of 
hardened tool steel. 
There are three of these wire feeder and cutter assem 

blies circularly spaced on the upper protion of the ro 
botic adaptor as mentioned above and shown schemati 
cally in FIG. 4. They are identical in nature. Two of 
them may be used to feed one size of wire which is 
either the smaller wire or the wire most quickly con 
sumed, while the other may be used to feed a larger 
wire. Normally, only one would be feeding wire at a 
time to a single torch. The others are for a redundant 
supply or the supply of a different wire size or different 
metallurgical composition, and their use can be quickly 
and conveniently initiated. 

Referring now to FIGS. 9 and 10, along with FIGS. 
1 and 8, the tool adaptor 76 is shown. It has a generally 
cylindrical body 181 with a conical upper end 182 
shaped to fit the conical wall 146 of the socket in the 
robotic adaptor. Two key-receiver and guide grooves 
183 (only one being shown) are provided in wall 182 
near the top 184 of the tool adaptor and are located to 
receive the guide keys 147 of the robotic adaptor. Two 
ribs 186 and 187 projecting outward from the body 181 
serve to mount guide pins 188 and 189 which are affixed 
to these ribs. Two shells, 191 and 192, of wear resistant 
material each having bearing sleeved tabs on opposite 
ends thereof, are slidably received on these guide posts. 
The shell 192 is movable radially outward from the 
body axis until the tabs 194 are stopped on the heads of 
the pins 188 and 189. The shell 191 is movable out 
wardly until the tabs 193 on the opposite ends thereof 
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are stopped by stop rings 196 in grooves at the opposite 
ends of the posts. 
Outward bias on the shells is established and main 

tained by a die spring assembly 197 including a spring 
container 198 slidably received in a bearing sleeve 199 
secured in an aperture in the wall 181. The container has 
a spherical boss 202 at its base. The inside of the con 
tainer base serves as the seat for one end of each of the 
inner and outer die springs 203 and 204, respectively. A 
block 206 serves as a seat for the opposite ends of the 
springs and also serves as a seat for the bearing pin 207 
which has a guide stem 208 received through the center 
of the inner spring 203, and a rounded outer end 209 
engaged witht he inner wall face of shell 192 as the 
rounded end boss 202 of the spring container 198 en 
gages the inner wall face of the shell 191. The outer end 
portion of the pin 207 is slidably received in the bushing 
210 secured in the body 181 of the tool adaptor. The 
inner faces of shells 191 and 192 have the same radius as 
the cylindrical wall 181A of the adaptor body so the 
shells can stop and seat on the body when being 
squeezed by the grippes during a tool changing opera 
tion. 

Referring now to FIG. 13A, some detail of the high 
power electrical connector will be described. For ver 
satility according to the concept of the present inven 
tion, various apertures in the top of the effector adaptor 
as shown in FIG. 7 and mentioned above, are adapted to 
receive inserts. The nature of the insert depends upon 
the function to be performed at that particular aperture. 
In the illustrated example, the aperture 152 is for a high 
power electrical connector and receives an insert 223 of 
an electrical insulating material such as Te?on, for ex 
ample, which is inserted from the cavity 145 and 
stopped at the shoulder 224. Sine this is for a five pin 
connector, insert 223 has ?ve apertures through it, one 
in the center and four around it. They receive five elec 
trical contact pins such as 226. Each of these pins has a 
head 227 with a concave lower face shown at 228 where 
the pin is shown partially sectioned to show the con 
cave shape, the head being seated on a shoulder 229 in 
the insert 223. The pin is prevented from falling out of 
the hole in the insert by a stop ring 231 received in a 
groove in the pin. The upper end of the pin is connected 
to the appropriate electrical cable 232. Anti-tum and 
securing spring pin 162A is shown in position at the 
periphery of the insert. 
An operating counterpart pin assembly is shown in 

FIG. 13B where the insert 233 is received in the top 184 
of the tool adaptor. An upwardly extending circumfer 
ential ?ange 234 of this insert is received in the periph 
eral notch 236 of the insert 223 when the tool adaptor is 
seated in the effector adaptor to provide a seal at this 
location and exclude dirt and any fluids which may 
otherwise enter in and interfere with good electrical 
connections. 

Five round headed pins 237 are received in insert 233. 
Each of these pins has a circumferential ?ange 238 
resting on a coil spring 239 which is resting on a stop 
shoulder in the aperture 241 in the insert. The spring 
urges the pin upward until it is stopped by a stop ring 
242 received in a circumferential groove in the pin 
under the bottom 243 of the insert. An electrical con 
ductro 244 is attached to the bottom of the pin and 
extends to whatever powered device such as a low 
current welding apparatus or a solenoid or a drive mo 
tor, for a clamp or a grinder, respectively, for example, 
is mounted on the tool adaptor. An anti-turn and secur 
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ing spring pin may also be provided at 245 in this envi 
ronment. 
As the tool adaptor and effector adaptor close to 

gether, the spring loaded pins 237 engage their counter 
part pins in the effector adaptor to assure reliable elec 
trical contact at all times. Similarly, a spring-loaded, 
tool-in-place sensor pin like pins 237 is mounted in a 
small insulating insert (not shown) screwed into the 
central aperture 158 of the effector adaptor, with the 
rounded end of the pin projecting into cavity 145 below 
the bottom surface of the top 148 as indicated by the 
dotted line 158A in FIG. 8. This pin will be contacted 
by the center of the top 184 of the tool adaptor when it 
is properly and fully seated in place in the effector adap 
tor socket. 

Referring now to FIGS. 14A and 14B, a ?tting 246 is 
mounted in the effector adaptor top 148 and internally 
threaded at 249 to receive a gas supply tube connector, 
for example. Fitting 246 has a hardened sleeve 251 at the 
bottom thereof which receives the mating ?tting 252 
(FIG. 14B) which is mounted in the top 184 of the tool 
adaptor and retained in place between the shoulder 253 
and the stop ring 254 in a groove in the ?tting. The 
O-rings 256 seal in the liner sleeve 251 of the ?tting 246 
when the tool adaptor is seated in the socket of the 
effector adaptor. Suitable gas line ?ttings or tubing may 
be screwed into the bottom of the ?tting 252 at 257. 
When the ?ttings 248 and 252 of the effector adaptor 
and tool adaptor, respectively, come together as the 
tool adaptor is seated in the socket of the effector adap 
tor, fluid transmission is provided as by a line 258 (FIG. 
1) from the robot arm to the tool on the tool adaptor. 
For example, it can be air for an air motor driving a 
cutting or burnishing or grinding or some other tool 
mounted on the tool adaptor. These same-?ttings are 
useful for transfer of other gases (shielding gas or cut 
ting gas, for example) from the effector adaptor to the 
tool adaptor. 

Referring now to FIGS. 15A and 15B, which is an 
example of a water return transmission assembly, a 
receptacle 261 is threaded into the top 148 of the effec 
tor adaptor and is internally threaded at 262 to receive 
a water return line as in conduit 159 (FIG. 1) to the 
robot. It includes a plug 263 threaded into the recepta 
cle 261 and serving as the upper seat for the spring 264 
which loads a check ball 266 which seats near the bot 
tom of the receptacle. The plug can be turned in, or out 
to adjust the compression of the spring. A seal wall 267 
is provided below the check ball seat. This receives the 
O-rings 268 at the upper end 269 of the plug 271 which 
is received in the top 184 of the tool adaptor and seats 
between the shoulder 272 and the retaining ring 273 
which is in an exterior groove near the bottom of this 
plug. The water line from the tool cooing system can be 
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threaded into the threaded opening 274 at the bottom of 55 
this plug. 

Referring now to FIG. 16A, the welding power and 
coolant supply connector assembly 281 includes a 
mounting cylinder 282 inserted from cavity 145 and 
received int he aperture 154 in the top 148 of the effec 
tor adaptor. This cylinder is threaded at its upper end 
and retained in place by the lock ring 283. A valve 
guide and seat housing 284 is threaded into the cylinder 
282. It has a spherical seat 286 near the bottom which 
sealingly receives the valve 287 which is biased against 
the seat by a Belville spring stack 288 whose upper end 
bears upon the lower edges of the three circularly 
spaced spokes 289 of the valve stem guide 291 received 
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in the valve guide and seat housing 284 and retained in 
place by a snap ring 293 in a groove in the wall of hous 
ing 284. The valve stem 294 has a well 296 in its upper 
end in which a ?exible braided electrical cable 297 is 
welded, soldered or brazed or otherwise electrically 
and mechanically secured. Similarly, the upper end of 
this cable is silver soldered or otherwise electrically and 
mechanically secured at 298 into the downwardly open 
ing receiver well in the contact bushing 299 perma 
nently brazed or welded and thereby sealed in the upper - 
end of the housing 284. A threaded opening 301 is pro 
vided in housing 284 for connection of a water-current 
supply line to this unit so that, upon forcing the valve 
287 upward in the direction of arrow 302 so that it is off 
its seat, water can be supplied through the housing 284 
and down through the three (one of them shown in 
FIG. 16A) circularly spaced apertures 290 in the valve 
stem guide, past the valve seat and out through the 
central aperture 303 at the bottom of this ?tting. 
The mating ?tting 306 in the top 184 of the tool adap 

tor includes a mounting cylinder 307 having an outer 
?ange seated in the well 308 in the top 184. It is secured 
in place by a lock nut 309 on the threaded lower portion 
of the cylinder 307. A sealing sleeve 311 is provided 
with a cavity 312 in the top which receives the boss 313 
in the bottom of the cylinder 284 (FIG. 16A) when the 
tool adaptor is mounted in the effector adaptor, and the 
O-ring seal 314 seals on the inner wall 316. The boss 317 
pushes the valve 287 off the seat permitting supply of 
water through the longitudinal passageway 318 in the 
sleeve 311 to the outlet ring 319 which is internally 
threaded at 321 to threadedly receive a connecting line 
to the cooling passageways in a torch. The ring 319 is 
permanently brazed or welded and thereby sealed to 
sleeve 311 at 322 to prevent leakage at the bottom. The 
parts 282, 283, 307 and 309 are made of electrical insu 
lating material. Phenolic is an example. The features 287 
and 317 are preferably made of a highly conductive and 
hardened copper tungsten-carbide alloy. 

OPERATION 

In the operation of the present inventinon as applied 
in the robotic system illustrated, the tool adaptors mag 
azine would be provided with as many tool holders in 
the pots thereof as needed for the assortment of tools to 
perform the desired operations on the workpiece 13 
while traveling through the work envelope 24 out he 
conveyor 11. Redundancy of tools can be provided to 
whatever extent desired within the capacity of the tool 
magazine. 
For removal of a tool from the magazine, the maga 

zine is driven about axis 28 by a motor drive assembly 
which may be in the base as shown or in the column 29, 
to place the tool adaptors with the desired tool at the 
tool change station which is under the axis 79 of the 
grippers 58 and 61. The actuator 51 is then energized to 
close the grippers onto the shells 191 and 192 and 
squeeze them together against the bias supplied by the 
die springs 203 and 204 to remove the flanges 211 and 
212 from the ?ange receiver groove 88 of the holder 
ring 84 on the magazine 27. The actuator 47 may then 
be energized to raise the elevator bar 43, and thereby 
raise the grippers 58 and 61 to l?t the tool adaptor up 
out of the tool pot. The vertical travel of the elevator is 
suf?cient to raise the tool adaptor to a convenient 
height (ranging from one to six inches, for example) for 
the robot to move the effector adaptor onto the tool. 
The robot is moved to position its effector adaptor at 












